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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention is directed to the manu- 
facture of cigarettes employing a combustible fuel 
source to provide an aerosol and/or to heat an aerosol 
forming material. See, for example, the background art 
cited in U.S. Patent No. 4,714,082 to Banerjee el al. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the manufac- 
ture of the above-referenced type of cigarettes, and in 
particular of cigarettes having a short fuel element and 
a physically separate aerosol generating means. Ciga- 
rettes of this type, as well as materials, methods and/or 
apparatus useful therein and/or for preparing them, are 
described in the following U.S. Pat. Nos. 4,714,082 to 
Banerjee et al., 4,732,168 to Resce; 4,756,318 to Clear- 
man et al., 4,782,644 to Haarer et al., 4,793,365 to Sen- 
sabaugh et al., 4,802,568 to Haarer et al., 4,807,809 to 
Pryor et al., 4,827,950 to Banerjee et al., 4,858,630 to 
Banerjee et al., 4,870,748 to Hensgen et al., 4,881,556 
to CI ear man et al., 4,893,637 to Hancock et al.; 
4,893,639 to White; 4,903,714 to Barnes et al.; 
4,917,128 to Clearman et al.; 4,928.714 to Shannon; 
4,938,238 to Barnes et al.; 4,989,619 to Clearman et 
al.; 5,027,836 to Shannon et al.; 5.027,839 to Clearman 
et al.; 5,042,509 to Banerjee et al.; 5,052.413 to Baker 
et al.; 5,060,666 to Clearman et al.; 5,065,776 to Law- 
son et al.; 5.067,499 to Banerjee et al.; 5,076,292 to 
Baker et al.; 5.099,861 to Clearman et al.; 5,101,839 to 
Jakob et al.; 5,105.831 to Banerjee et al.; 5,105,837 to 
Barnes et al., and 5,119.837 to Banerjee et al., 
5,183,062 to Clearman et al, and US 5,203,355 to 
Clearman, et al., as well as in the monograph entitled 
Chemical and Biological Studies of New Cigarette Pro- 
totypes That Heat Instead of Burn Tpbacco, R. J. Rey- 
nolds Tobacco Company, 1988 (hereinafter "RJR 
Monograph"). These cigarettes are capable of providing 
the smoker with the pleasures of smoking (e.g., smok- 
ing taste, feel, satisfaction, and the like). Such ciga- 
rettes typically provide low yields of visible sktestream 
smoke as well as low yields of FTC tar when smoked. 
[0003] The cigarettes described in the aforesaid pat- 
ents and/or publications generally employ a combusti- 
ble fuel element for heat generation and an aerosol 
generating means, positioned physically separate from, 
and typically in a heat exchange relationship with the 
fuel element. Many of these aerosol generating means 
employ a substrate or carrier for one or more aerosol 
forming materials, e.g., polyhydric alcohols, such as 
glycerin. The aerosol forming materials are volatilized 
by the heat from the burning fuel element and upon 
cooling form an aerosol. Normally, the fuel elements of 
such smoking articles are circumscribed by an insulat- 
ing jacket. 



[0004] The present invention is directed to methods of 
manufacturing cigarettes having a short carbonaceous 
fuel element and a physically separate aerosol generat- 
ing means. 

5 [0005] EP-A-0 444 553 shows filter cigarettes com- 
prising a fuel element, a substrate, a tobacco section 
with a tobacco paper plug and a roll of tobacco cut filler, 
and a filter element arranged one behind another (Figs. 
1 and 2). The substrate is overwrapped with a paper 

io wrapper, the fuel element is provided with a clamp-like 
metallic retaining member grasping a rear portion of the 
fuel element, and these three elements are disposed in 
a cartridge-like metallic enclosure member frictionally 
holding the retaining member and the overwrapped sub- 

is strate and having an open front end and a substantially 
closed rear end with a central hole; the maximum diam- 
eter of the fuel element is substantially smaller than the 
inner diameter of the enclosure member so that the lat- 
ter is radially spaced from the fuel element Each of the 

20 two elements of the tobacco section, as well as the filter 
element is overwrapped by an individual wrapper, and 
the cartridge-like enclosure member, the overwrapped 
elements of the tobacco section and the overwrapped 
filter element are unified by being inserted into a tube 

25 extending over the entire length of the cigarette and 
made from molded plastic, ceramic material, metal foil- 
lined paper or the like. 

[0006] US-A-5 052 41 3 discloses a filter cigarette hav- 
ing a fuel element disposed within a sleeve of insulating 

30 material, a substrate contained within a metallic cap- 
sule, a tobacco section, and a filter element. The fuel 
element is press-fitted into the open front end of the 
capsule, the insulating sleeve and an abutting tobacco 
sleeve for surrounding a rear portion of the capsule are 

35 combined and held together by a wrapper, whereupon 
the unit made up by the fuel element and the substrate 
containing capsule is inserted into this multicomponent 
and overwrapped insulating material-tobacco sleeve 
unit thereby obtaining an aerosol generating module. 

40 The tobacco section and the filter element are com- 
bined and held together by a wrapper thereby obtaining 
a mouthend module, and finally, the aerosol-generating 
module and the mouthend module are combined and 
held together by overwrapping the two modules by an 

45 external wrapper. 

[0007] It is an object of the present invention to pro- 
pose a more simple method ol manufacturing filter ciga- 
rettes having an insulated fuel element providing a 
lighting end of the cigarette, a substrate, a tobacco sec* 

so tion and a filter element providing a rear end of the cig- 
arette, wherein at least two of said components are 
combined with an overwrap material. 
[0008] According to the present invention this object is 
achieved by the method of claim 1 or the method of 

55 claim 15, and preferred embodiments of the inventive 
method are defined by claims 2 to 14 and claims 16 to 
26, respectively. 

[0009] Preferred such cigarettes include a short 
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extruded carbonaceous fuel element which is circum- 
scribed by an insulting jacket. Normally, the fuel element 
has one or more longitudinal grooves extending along 
its outer periphery. Such grooves assist in lighting of the 
fuel element and allow heated air to flow along the 
periphery of the fuel element The grooves also tend to 
assist in retaining the fuel element within the jacket. 
[001 0] The length of the fuel element is typically from 
3 mm to about 20 mm, preferably about 5 mm to about 
1 6 mm and most preferably about 6 mm to about 12 mm 
in length prior to burning. 

[001 1 ] The fuel element is retained within the cigarette 
by an insulating jacket Preferably the insulating jacket 
circumscribes the entire longitudinal periphery of the 
fuel element, although it may extend beyond each end 
of the fuel element, effectively recessing the fuel ele- 
ment, separating it from the other components of the 
cigarette. The preferred resilient nature of the insulating 
jacket allows it to extend into any grooves on the periph- 
ery of the fuel element The insulating jacket also aids in 
retaining heat and permits radial atmospheric air to f tow 
to the fuel element during use. 
[001 2] Preferably, the resilient insulating means com- 
prises a fibrous material which circumscribes the longi- 
tudinal periphery of the fuel element. The fibrous 
material may comprise glass fibers (Owens-Corning "C" 
glass is especially preferred), a tobacco filler/glass ftoer 
mixture, gathered or shredded tobacco paper, gathered 
or shredded carbon paper, tobacco cut filler, or the like. 
[001 3] Typically a carbonaceous mass is extruded into 
a continuous rod of a desired shape, laid directly onto a 
ribbon of insulating material which is circumscribed by a 
wrapper to form a jacketed continuous rod. The jacketed 
continuous rod is cut into appropriate length useful in 
the manufacturing method of the present invention. Dur- 
ing manufacturing, as aqueous liquid such as tap water 
is applied in an appropriate amount to the carbona- 
ceous rod and/or insulating material which assists in 
bonding the carbonaceous rod to the insulating material 
upon drying to an appropriate moisture. 
[0014] The cigarette further includes an aerosol gen- 
erating means which includes a substrate and at least 
one aerosol forming material. A preferred aerosol gen- 
erating means includes an aerosol forming material 
(e.g., glycerin), tobacco in some form (e.g., tobacco 
powders, tobacco extract or tobacco dust) and other 
aerosol forming materials and/or tobacco flavoring 
agents, such as cocoa, licorice and sugar. The aerosol 
forming material generally is carried in a substrate 
material, such as a reconstituted tobacco cut filler or by 
a substrate such as tobacco cut filler, gathered paper, 
gathered tobacco paper, or the like. 
[0015] Preferably the substrate is a reconstituted 
tobacco cut filler cast sheet material, which is formed 
into a continuous rod or substrate tube assembly on a 
conventional cigarette making machine. Typically the 
overwrap material for the rod is a barrier material such 
as a paper foil laminate. The foil serves as a barrier, and 



is located on the inside of the overwrap. 
[001 6] Alternatively, the substrate may be a gathered 
paper formed into a rod or plug. When the substrate is a 
paper-type material, rt is highly preferred that such sub- 

s strate be positioned in a spaced apart relationship from 
the fuel element. A spaced apart relationship is desired 
to minimize contact between the fuel element and the 
substrate, thereby preventing migration of the aerosol 
forming materials to the fuel, as well as limiting the 

10 scorching or burning of the paper substrate. The spac- 
ing is normally provided during manufacture of the ciga- 
rette in accordance with the present invention. 
Appropriately spaced substrate plugs are overwrapped 
with a barrier material to form a substrate tube assem- 

15 bly having spaced substrate plugs therein. The sub- 
strate tube assembly is cut between the substrate plugs 
to form substrate sections. The substrate sections 
include a tube with a substrate plug and void(s), prefer- 
ably at each end. 

20 [001 7] The barrier material for making the tube aids in 
prevent migration of the aerosol former to other compo- 
nents of the cigarette. The barrier material forming the 
tube is a relatively stiff material so that when formed into 
a tube it will maintain its shape and will not collapse dur- 

25 ing manufacture and use of the cigarette. 

[001 8] An appropriate length of the jacketed fuel ele- 
ment is combined with a substrate section or substrate 
tube assembly by a wrapper material, which has a pro- 
pensity not to burn, to form a fuel/substrate section. In 

30 preferred embodiments of the cigarettes, the wrapper 
typically extends from the mouthend of the substrate 
section, over a portion of the jacketed fuel element, 
whereby it is spaced from the lighting end of the fuel ele- 
ment The wrapper material assist in limiting the amount 

35 of oxygen which will reach the burning portion of the fuel 
element during use, preferably thereby causing the fuel 
element to extinguish after an appropriate number of 
puffs. In especially preferred embodiments of the ciga- 
rette, the wrapper is a paper/foil/paper laminate. The foil 

40 provides a path to assist in dissipating or transferring 
the heat generated by the fuel element during use. The 
jacketed fuel element and the substrate section are 
joined by the overwrap. 

[0019] A tobacco section is preferably formed by a 
45 reconstituted tobacco cut filler rod, made on a typical 
cigarette making machine, and cut into appropriate 
lengths. A filter rod is formed and cut into appropriate 
lengths for joining to the tobacco section to form a 
mouthend section. The fuel/substrate section and the 
so mouthend section are joined by aligning the reconsti- 
tuted ends of each section, and overwrapped to form a 
cigarette. 

[0020] When a paper substrate is used, a tobacco 
paper rod and a reconstituted cut filler rod are preferably 
55 formed and cut into appropriate lengths and joined to 
form a tobacco section. 

[0021] The tobacco section and the fuel/substrate 
section are joined by aligning the tobacco paper plug 
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end of the tobacco section with the substrate end of the 
fuel/substrate section and joining the sections with a 
wrapper which extends from the rear end of the tobacco 
roll to an appropriate length past the junction of the two 
sections for form the tobacco roll/fuel assembly. The 
tobacco roll/fuel assembly is then joined to a filter by a 
tipping material. 

[0022] In the cigarettes made in accordance with the 
present invention convective heat is preferably the pre- 
dominant mode of energy transfer from the burning fuel 
element to the aerosol generating means disposed lon- 
gitudinally behind the fuel element. When a foil/paper 
laminate is used as an overwrap to join the fuel/sub- 
strate section, some heat may be transferred to the sub- 
strate by the foil layer. As described above, the heat 
transferred to the substrate volatilizes the aerosol form- 
ing material(s) and any flavorant materials carried by 
the substrate, and, upon cooling, these volatilized mate- 
rials are condensed to form a smoke-like aerosol which 
is drawn through. the cigarette during puffing, and which 
exits the filter piece. 

[0023] As used herein, the term "aerosol" is meant to 
include vapors, gases, particles, and the like, both visi- 
ble and invisible, and especially those components per- 
ceived by the smoker to be "smoke-like," formed by the 
action of heat generated by the fuel element upon mate- 
rials contained within the aerosol generating means, or 
elsewhere in the smoking article. 
[0024] As used herein, the term "carbonaceous- 
means comprising primarily carbon. 
[0025] In the following, the invention will be further 
explained in connection with the enclosed drawings 
which show the following: 

[0026] Figs. 1 and 3 illustrate in sectional view, two 
embodiments of cigarettes prepared in accordance with 
the present invention. In these depictions, the thickness 
of the various overwraps has been increased, for ease 
in viewing and clarity of structure. 
[0027] Fig. 1 A is an end view of the cigarette shown in 
Figs. 1 and 3. 

[0028] Figures 2A, 2B and 2C illustrate a flow diagram 
of one preferred embodiment of the method of the 
present invention for manufacturing cigarettes as illus- 
trated in Fig. 1 and Fig. 1A. - 
[0029] Figs. 4A, 4B and 4C illustrate a flow diagram of 
one preferred embodiment of the method of the present 
invention for manufacturing cigarettes as illustrated in 
Fig. 3. 

[0030] In Figs. 1, 1 A and 3, embodiments of a ciga- 
rette 15 are illustrated. The cigarette includes a fuel ele- 
ment 10 circumscribed within a retaining jacket of 
insulating material 12 (e.g., jacketed fuel element 18). 
The insulating and retaining jacket material 12 com- 
prises glass fibers. 

[0031] As illustrated in Fig. 1A, the fuel element 10, 
which preferably is an extruded carbonaceous material, 
is generally cylindrical in shape and has a plurality of 
longitudinally extending peripheral channels 11. 



[0032] The insulating and retaining jacket 12 has an 
intermediate layer 14 of tobacco paper positioned 
between two layers of glass fibers. Surrounding the 
insulating and retaining jacket 12 is paper wrapper 13. 
5 Wrapper 1 3 may comprise on or more layers which pro- 
vide appropriate porosity and ash stability characteris- 
tics. 

[0033] Situated longitudinally behind the jacketed fuel 
element 18 is an aerosol generating means. In Fig. 1, 

io the substrate plug 22, advantageously is made from a 
gathered web of cellulosic material, (e.g., paper or 
tobacco paper) having a paper overwrap 24. The sub- 
strate 22 holds one or more aerosol forming materials 
(such as glycerin), a form of tobacco (such as tobacco 

is powder, extract or dust), and flavor components, which 
are volatilized by heat generated by the burning of the 
fuel element The substrate 22 is positioned in a barrier 
tube 26 so that voids 28 and 30 are provided on either 
end of the substrate plug 22 to form a substrate section 

20 or component 20. The spaced apart relationship 
between the substrate plug and fuel element assists in 
preventing the substrate from scorching or burning dur- 
ing use of the cigarette, and, along with the barrier tube, 
aids in preventing migration of the aerosol forming 

25 material(s) from the substrate to the fuel element and 
other components of the cigarettes. 
[0034] In Fig. 3. the substrate 22 is advantageously 
made from a reconstituted tobacco cast sheet cut filler 
material. Such substrates are described in European 

30 Patent Publication No. 545,186, which is incorporated 
herein by reference. 

[0035] Besides the above-described substrate rods, 
other substrate materials rod can be shredded puffed 
grain (e.g., puffed rice), or a tobacco/puffed grain Wend. 

35 which has an aerosol forming material and binder 
applied to the puffed grain. The aerosol forming material 
and binder may be heated to form a gel which is carried 
by the substrate rod. The shredded and puffed grain 
carrying the aerosol forming material may be mixed with 

40 tobacco dust and formed into overwrapped rods using a 
cigarette making machine. 

[0036] Examples of preferred aerosol forming materi- 
als include the polyhydric alcohols (e.g., glycerin, pro- 
pylene glycol, triethylene glycol and tetraethylene 

45 glycol), the aliphatic esters of mono-, di-, or poly-car- 
boxylic acids (e.g., methyl stearate, dimethyl dodecandi- 
oate and dimethyl tetra decanedioate), Hystar TPF 
available from Lonza, Inc., and the like, as well as mix- 
tures there. For example, glycerin, triethylene glycol and 

so Hystar TPF can be mixed together to form an aerosol 
forming material. Also, a propylene glycol/glycerin mix- 
ture is used. 

[0037] Examples of other aerosol forming materials 
include volatile flavoring agents and tobacco flavor 
55 modifiers. Volatile flavoring agents include menthol, 
vanillin, cocoa, licorice, organic acids, high fructose 
corn syrup, and the like. Various other flavoring agents 
for smoking articles are set forth in Leffingwell et al.. 
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Tobacco Flavoring For Smoking Products (1972) and in 
European Patent Publication No. 407,792. Tobacco fla- 
vor modifiers include levulinic acid, metal (e.g., sodium, 
potassium, calcium and magnesium) salts of levulinic 
acid, and the like. 5 
[0038] Circumscribing the jacketed fuel element and 
spaced from the lighting end thereof is a non-burning or 
foil-backed (e.g., aluminum or other metal) paper wrap- 
per 32, which also extends over the substrate section 
20. Wrapper 32 is preferably a non-wicking material 
which prevents the wicking of the aerosol forming mate- 
rials) from the substrate 22 to the fuel element 10, the 
insulating jacket 12, and/or from staining of the other 
components of the cigarettes. This wrapper also mini- 
mizes or prevents peripheral air (i.e., radial air) from 
flowing to the portion of the fuel element disposed longi- 
tudinally behind its front edge, thereby causing oxygen 
deprivation and preventing excessive combustion. 
While not preferred, wrapper 32 may extend over the 
burning end of the fuel element 1 0 (or beyond the same) 
and be provided with a plurality of perforations (not 
shown) to allow controlled radial air flow to the burning 
segment of the fuel element to support combustion. 
[0039] The void space 30 of the cigarette of Fig. 1 acts 
as a cooling and nucleation chamber wherein the hot 
volatile materials exiting the substrate cool down and 
form an aerosol. If desired, the void space 30 may be 
filled with a roll of gathered or shredded tobacco paper 
(not shown). The presence of tobacco paper within the 
void space contributes tobacco flavors to the aerosol. 
[0040] Positioned rearwardly and adjacent to the sub- 
strate section 20 is a tobacco section or component 34. 
In Fig. 1, the tobacco section includes a tobacco paper 
plug 36 with a paper wrapper 37, such as KC P-3284- 
19, available from Kimberly Clark ("KC"), of Neenah, 
Wl, and a roll of tobacco cut filler 38 circumscribed by a 
paper wrapper 39. The tobacco section 34 is over- 
wrapped by a paper wrapper 40. The tobacco paper 
plug end of the tobacco section 34 abuts the substrate 
section and is combined thereto by an overwrap paper 
42. The overwrap paper 42 extends from the rear end of 
the tobacco roll 38 to slightly forward of the junction 
between the tobacco paper plug 36 and the substrate . 
section 20 to form a tobacco/fuel assembly 45. 
[0041 ] If desired, a carbon filled sheet containing a f la- 
vorant such as menthol can be substituted for or used in 
conjunction with the tobacco paper plug. 
[0042] In Fig. 3, the tobacco section 34 is a roll of 
reconstituted tobacco cut filler 38, circumscribed by 
paper wrapper 39. 

[0043] Positioned at the extreme mouth end of the cig- 
arette is a low-efficiency filter element 44 including a fil- 
ter material, such as a gathered web of non-woven 
polypropylene fiber, cellulose acetate, or the like, over- 
wrapped with a plug wrap 47. In Fig. 1 , the filter abuts 55 
the tobacco roll 38 of the tobacco/fuel section 45 and is 
combined thereto by tipping wrapper 46. In Fig. 3, the 
filter abuts the tobacco section 34, and is combined with 



a tipping paper or tipping wrapper 46. 
[0044] In use, the smoker lights fuel element 1 0 which 
burns to produce heat. During draw, air passes along 
the periphery of the burning portion of the fuel as well as 
through the retaining and insulating jacket 12. The 
drawn air is heated by contacting the burning portion of 
the fuel element and by heat radiated from the fuel ele- 
ment. The heated air transfers heat by convection to the 
substrate 22. The transferred heat volatilizes the aero- 
sol forming and flavor materials carrier by the substrate. 
The volatilized material within the hot drawn air exits the 
substrate. As the volatilized material cools during pas- 
sage through the remainder of the substrate, through 
void space 30 (if present), and through the tobacco sec- 
tion, an aerosol is formed. The aerosol passes through 
the tobacco section, and the tobacco paper plug 36 (if 
present), absorbing tobacco flavors, and passes 
through the filter material 44, and into the mouth of the 
smoker. 

[0045] Since the rear end portion of the fuel element 
does not burn during use of the cigarette, the fuel ele- 
ment remains securely in the cigarette and does not 
have a tendency to become dislodged from the ciga- 
rette during use. When the fuel element self-extin- 
guishes and no longer generates heat, the cigarette is 
disposed of. 

[0046] Referring to Figures 2A, 2B and 2C, there is 
shown a flow diagram of one preferred method for man- 
ufacturing the cigarette embodiments of the present 
invention illustrated in Fig. 1 and Fig. 1A. The method 
involves separately manufacturing the various cigarette 
components such as the jacketed fuel element, sub- 
strate section, tobacco section and filter followed by 
combining the individually prepared components in a 
specified sequence. 

[0047] As illustrated, a substrate rod 50 is formed by 
gathering a paper-type web materials into a continuous 
cylindrical rod and overwrapping the continuous rod 
with a wrapping material. The substrate material is pref- 
erably both embossed and gathered to form the sub- 
strate rod. The substrate rods can be provided (0 using 
the apparatus described in U.S. Patent No. 4,807,809 to 
Pryor, et al.; (ii) using the apparatus described in U.S. 
Patent No. 5,163,452 to Marritt et al.; or (iii) using a rod 
forming unit available as CU-10, CU-20 or CU-20S from 
Decoufle s.a.r.b., together with a KDF-2 rod making 
apparatus from Korber & Co., A.G., Hamburg, Germany 
(Korber). The web material is typically provided with a 
plurality of embossed lines parallel to the machine 
direction so that the web gathers in a more uniform pat- 
tern. 

[0048] Preferred substrates retain the aerosol forming 
material when not in use, and release the aerosol form- 
ing material during the smoking period. One preferred 
type of substrate is a non-woven sheet-like material 
such as paper, carbon paper or tobacco paper. Typi- 
cally, such substrates are provided as cylindrical rods 
including an embossed and gathered web of paper cir- 
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cumscribed by an outer wrapper. Other types of web 
substrate materials include laminates, such as 
paper/foil laminates. 

[0049] In particular, the continuous web of substrate 
material is embossed, gathered into a plurality of longi- 
tudinally extending folds while having the aerosol form- 
ing material continuously applied to the center thereof, 
to form a rod which is then circumscribed by the outer 
wrapper. 

[0050] The substrate may also be formed of a rod hav- 
ing a concentric configuration in which the center core is 
formed of a paper material which will absorb and retain 
the aerosol forming material and an outer rind of barrier 
material which circumscribes the core to assist in limit- 
ing migration of the aerosol former. 
[0051] The outer wrapper which circumscribes the 
gathered substrate material is preferably a paper mate- 
rial and can be coated or treated with a material so as to 
limit migration of the aerosol forming material. An exam- 
ple of such a coating is Hereon 70 available from Her- 
cules, Inc., or a metal foil. 

[0052] The substrate web is gathered to form sub- 
strate rods such that the cross-sectional void area of the 
rod typically ranges from about 5 to about 30 percent 
generally from about 8 to about 25 percent, and often 
about 1 0 to about 20 percent The cross-sectional void 
area (i.e., that area provided by passageways when the 
rod is viewed end-on) typically can be determined using 
an image analysis technique using an IB AS image Ana- 
lyzer available from Carl Ziess, Inc. 
[0053] An aerosol forming material may be applied to 
the substrate material prior to forming or may be intro- 
duced into the substrate web through a tube centered in 
the gathering garniture of the KDF rod making appara- 
tus 53. A metering pump is used to provide a specified 
amount of aerosol forming material into the substrate 
web. The continuous substrate rod is cut into substrate 
rods 50 approximately 60 mm in length and fed into suit- 
able conveying means for conveying the rods to the next 
assembly station. Suitable conveying means for the var- 
ious subassemblies described herein include batch 
conveyors, such as an HCF 80 tray filler, available from 
KOrber, or continuous conveyors, such as pneumatic or 
other conveyor apparatus known in the art. 
[0054] A carbonaceous fuel rod 51 is formed utilizing 
a screw or a piston type extruder 55. A preferred car- 
bonaceous mixture can be prepared by admixing up to 
95 parts carbonaceous material, up to 20 parts binder 
and up to 20 parts of tobacco (e.g., tobacco dust and/or 
a tobacco extract) and with sufficient water to form a 
paste, and extruding the paste into the desired form. 
The water can advantageously be provided in the form 
of an aqueous Na 2 C0 3 solution. See also U.S. Patent 
No. 5,178,167 to Riggs et at, the disclosure of which 
are incorporated herein by reference. See also the U.S. 
Patents and patent applications ched as background 
above, for other examples of carbonaceous mixtures. 
[0055] Extruded carbonaceous rods can be provided 



as follows. Carbon particles are provided in a particulate 
form by ball milling techniques. Tobacco laminae can 
also be ball milled to a fine particle size (e.g., 5 to 15 
jim, preferably 7 to 12 nm - average) and mixed with the 

5 carbon particles. Other fuel element components or 
additives (e.g., calcium carbonate particles or graphite) 
can be blended with the carbon particles or mixture of 
carbon and tobacco particles. The particles then are 
physically mixed with dry, powdered binding agent. 

10 Then, the resulting dry blend is physically mixed while 
an atomized spray of water is applied thereof. The 
resulting damp mix typically exhibits a moisture content 
of about 30 to about 40 weight percent wet basis, pref- 
erably 32 to 38 and most preferably 34-36. The stated 

15 moisture content will depend on the type of extruder 
used and to some extent on the configuration of the car- 
bonaceous mixture. If desired, water soluble materials 
or additives (e.g., tobacco extracts, salts, and the like) 
can be incorporated into the mix by dissolving such 

20 materials or additives in the water. 

[0056] The damp mix is preferably extruded using a 
compounding extruder (e.g., a double screw compound- 
ing extruder). Optionally, the damp mix is extruded into 
a premixed billets using a Baker-Perkins MP-50-35 DE 

25 XLT extruder; and then the billets are extruded into the 
desired shape using a ram piston extruder, such as an 
HET-120A from Hydramet American Inc. The mix may 
also be extruded into the desired shape using a double 
screw compounding extruder equipped with a screw 

30 including a series of forward screw segments, paddle 
segments and feed screw segments. 
[0057] Peripheral grooves are included in the finished 
fuel elements during extrusion. It is preferred that the 
grooves be deeper than their width, advantageously the 

35 depth should be up to about twice (2X) the width. Typi- 
cal widths for grooves on the fuel elements of this inven- 
tion are from about 0.25 mm to about 1.5 mm, 
preferably from about 0.5 mm to about 1.0 mm. The 
depths of these grooves is generally within the range of 

40 about 1 mm to about 1 .5 mm. The grooves may have 
either a rounded (concave or convex) bottom, or a 
square or rectangular bottom. The preferred shape is a 
concave bottom. 

[0058] The extruded mix exits a die as a continuous 
45 extrudate having the desired cross-sectional shape, and 
is deposited onto a airfoil. 

[0059] The extruded continuous carbonaceous fuel 
rod 51 is wrapped in an insulating material and outer 
paper wrapper using a modified KDF 56 as described in 
so U.S. Patent No. 4,893,637, to form a wrapped fuel/insu- 
lator assembly 52. 

[0060] The insulating material preferably will permit 
drawn air to pass therethrough, and will assist in holding 
the fuel element in place. In some embodiments, the 
55 insulating and/or retaining material is compressed 
around the fuel element, thereby ensuring a good, sta- 
ble positioning and snug fit of the fuel element therein. 
Typically, in preferred embodiments the pectin binder in 
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the glass fiber insulating material is reactivated by 
applying water so that the insulating material will adhere 
to the fuel element upon drying. 
[0061 ] The composition of the insulating and/or retain- 
ing material which surrounds the fuel element can vary. 
This material is preferably one which has a tendency 
not to combust or a material which combusts but does 
not disintegrate. Examples of suitable materials include 
glass fibers and other materials of the type described in 
U.S. Patent No. 5,1 05,838 to White et al.; European Pat- 
ent Publication No. 356,690; and pages 48-52 of the 
monograph entitled, Chemical and Biological Studies of 
New Cigarette Prototypes That Heat Instead of Burn 
Tobacco. R. J. Reynolds Tobacco Co, (1988). 
[0062] Examples of other suitable insulating and/or 
retaining materials are glass f ber and tobacco mixtures 
such as are described in U.S. Patent No. 4,756,318 to 
Clearman et al. and U.S. Patent No. 5,065,776. 
[0063] As illustrated in Figs. 1 and 1A, the insulating 
and/or retaining material which surrounds the fuel ele- 
ment is circumscribed by a paper wrapper. This paper 
wrapper may comprise one or two layers, which may 
vary in air permeability and ash stability characteristics. 
Papers having these characteristics are described in 
U.S. Patent Nos. 4,938,238 and 5,105,837 to Barnes et 
al. An example of a suitable outer paper wrapper is 
available as P-31 22-1 53 from Kimberly-Clark Corp. and 
No. 15456 Ecusta, a division of PH. Gladfelder. 
[0064] Upon leaving the extrusion process, the mois- 
ture content of the carbonaceous fuel rod 51 is about 30 
to 38 percent by weight. After the fuel is overwrapped, 
the wrapped continuous fuel rod is cut to form a 6-up 
jacketed fuel rod 52 approximately 72 mm in length, rf 
desired, at this point in the manufacturing process the 
jacketed fuel rod may be dried to reduce the moisture 
content of the carbonaceous rod. Preferably the mois- 
ture content should be maintained at an appropriate 
level so that the carbonaceous rods can be cut during 
subsequent manufacturing steps without fracturing or 
chipping. Normally, a moisture content between 38 and 
12 percent is acceptable. The dryer used (not shown) 
can be a passive drying apparatus such as a timed 
accumulator system (e.g., a Resy available from KOrber, 
or S-90, available from G.D Societe Per Azioni, Bolo- 
gna, Italy, optionally in a humidity controlled environ- 
ment) or a positive drying system such as a hot air 
blower system. The jacketed fuel rods are fed to a tip- 
ping unit 60 such as a Max R-1 available from KOrber. 
[0065] The 60 mm substrate rods 50 are fed into a 
plug tube combining apparatus such as a Muifi R-1, 
consisting of a GC unit 62 and a KDF-2D unit 63 availa- 
ble from KOrber. The substrate rods are cut into 10 mm 
plugs, which are then graded, aligned and spaced at 
intervals about 10 mm in the GC unit Pairs of spaced 
10 mm plugs are transferred to the KDF-2D unit at inter- 
vals of about 12 mm and aligned. The spaced plugs 22 
are overwrapped with a wrapper 26 (Fig. 1) which forms 
a tube having substrate plugs spaced at 10 mm and 12 



mm intervals. The tube is cut through about the mid- 
point of the 1 0 mm spaces to form a 2-up substrate tube 
64 about 42 mm in length having void space at each 
end approximately 5 mm in length, two substrate plugs 

5 approximately 10 mm in length and a void space 69 of 
about 12 mm between the two substrate plugs. 
[0066] The overwrap material is preferably a foil/paper 
laminate. The foil layer providing an additional barrier to 
aid in preventing migration of the aerosol forming mate- 

10 rial, The wrapper material is designed so that upon 
forming a tube that will not bend or collapse during the 
manufacturing process or during use of the cigarette. 
[0067] Advantageously, the KDF-2D 63 of the plug 
tube combiner is directly linked to the tipper 60 so that 

is the substrate tubes 64 are transferred to an appropriate 
drum on the tipper. The tipper 60 also receives the jack- 
eted fuel rods 52 from the previously described fuel 
extrusion process. In the tipper 60, the 72 mm jacketed 
fuel rods, or 6-up jacketed fuel rods are cut into lengths 

20 of about 12 mm to form jacketed fuel elements 18. The 
jacketed fuel elements are then graded, aligned with a 
pair being spaced and positioned on opposite ends of a 
substrate tube 64 with a jacketed fuel element 18 adja- 
cent to the void 28 and on each end of the substrate 

25 tube 64. Trie aligned components are overwrapped with 
a wrapper or tipping material 32 (Fig. 1) to form a 2-up 
fuel/substrate section 65, approximately 66 mm in 
length, having a fuel element 18 at each end, two void 
spaces 28, two substrate plugs 22 and a center void 

30 space 69. Preferably, the tipping material 32, is about 54 
mm in length by about 26 mm in width and is applied to 
the 2-up fuel substrate section 65 so that approximately 
6 mm of each of the jacketed fuel elements extend 
beyond the edge of the tipping material and. thus is not 

35 covered by the tipping material. The tipping material is 
preferably a paper/foil/paper laminate. 
[0068] When the fuel/substrate section 65 exits the 
tipper 60, the section passes through drying stage 66 to 
dry the carbonaceous fuel elements. Drying can be 

40 accomplished in a passive manner using an accumula- 
tor such as a Resy or S-90 optionally in a humidity con- 
trolled environment or a positive heating process. The 
heating process should not be so great that the aerosol 
forming material and other flavorants will be volatilized 

45 off the substrate. Preferably, the carbonaceous fuel is 
dried to a moisture content of approximately 12 to 14 
percent by weight. If desired, the drying stages can be 
eliminated and relocated since they depend on the 
moisture content of the extruded rod and the time lapse 

so between the different stages in the manufacturing proc- 
ess. 

[0069] Preferably, simultaneously with the manufac- 
ture of the fuel/substrate section 65, tobacco section 34 
(Fig. 1) of the cigarette 5 is being made, as shown in 
55 Fig. 2B. A continuous tobacco rod is formed on a ciga- 
rette making machine 71 such as a Protos VE/SE avail- 
able from KOrber using a cut filler material such as 
tobacco, reconstituted tobacco or the like. The continu- 
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ous tobacco rod is cut into lengths of 120 mm forming 
tobacco rolls or rods 70. 

[0070] The tobacco cut filler rod is joined to a plug of 
tobacco paper, shown at 34 in Fig. 1 . The tobacco paper 
plug is obtained from a continuous tobacco paper rod as s 
described in prior U.S. Patent No. 4,807,809. The 
tobacco paper rods are wrapped with suitable cigarette 
paper using a web feeder apparatus and a modified 
KDF 77, as therein described, and are cut into tobacco 
paper rods 75 about 80 mm in length. w 
[0071] The 120 mm tobacco rod 70 and the 80 mm 
tobacco paper rod 75 are fed into the hoppers of a plug 
tube combiner such as a Mulfi R-2, including a GC unit 
79 and a KDF-2D 80. The tobacco rod and tobacco 
paper rods are cut into segments of 40 mm and 20 mm, 15 
respectively. The segments are graded and aligned in 
the GC unit in an alternating abutting position upon 
transfer to the KDF-2D where the rod segments are 
overwrapped with paper and cut into cut filler/tobacco 
paper assemblies or 4-up tobacco sections 81 having a 20 
center 20 mm tobacco paper rod 86 between a pair of 
40 mm tobacco cut filler segments 82 with 10 mm 
tobacco paper segment 83 on each end. 
[0072] As shown in Fig. 2C, the 4-up tobacco section 
81 is fed into a tipping unit 85 such as a Max R-2 tipper 25 
available from Korber. In the tipper, the 4-up section 81 
is cut at its midpoint through tobacco paper segment 86 
to form a 2-up tobacco section 87 having a 40 mm 
tobacco roll center segment and 10 mm tobacco paper 
segments at each end. The 2-up tobacco sections 87 30 
are graded and aligned. 

[0073] The 2-up fuel/substrate sections 65 are fed to 
tipper 85 which cuts the 2-up fuel substrate section 65 
at its mid-point through the substrate tube, grades, 
aligns and positions the two halves on opposite sides of 35 
a tobacco section 87 with the void 30 (Fig. 1) of the 
fuel/substrate section adjacent the tobacco paper seg- 
ments 83. This assembly of components is then over- 
wrapped with a suitable wrapper 42 (Fig. 1 ) to form 2-up 
tobacco/fuel units 88 approximately 126 mm in length 40 
having the fuel element disposed at opposite ends. The 
edge of the wrapper 42 extends beyond the abutment 
point of the fuel substrate unit 32 and the tobacco sec- 
tion 87. The 2-up tobacco/fuel unit is conveyed to a tip- . « 
ping unit 92 such as a Max R-3 available from Korber. 45 
[0074] Filter material, such as non-woven polypropyl- 
ene web, is formed into a continuous rod using a web 
feeder and KDF (90) filter maker described in U.S. Pat- 
ent No. 4,807,809. The continuous filter rod is cut into 4- 
up filter segments 97 approximately 80 mm in length, so 
The 4-up filter segments 97 is passed to the tipper 92. 
In the tipper 92, the 4-up filter segments 97 are cut into 
2-up filters 98 approximately 40 mm in length graded 
and aligned. The 2-up tobacco/fuel unit 88 is cut at its 
midpoint through the tobacco roll segment 82 graded, ss 
aligned, and single units are positioned on opposite 
sides of a 2-up filter 98. A tipping paper 46 is applied by 
the Max R-3 (KOrber) to the assembled components, 



attaching the 2-up filter 98 between the tobacco/fuel 
units to form a 2-up cigarette 102. The 2-up cigarette 
1 02 is then cut through the midpoint of the filter segment 
98 to form single cigarette 104. Alternate cigarettes 104 
are rotated 180° to align so that all of the cigarettes 
have the same orientation. The cigarettes 104 may then 
be transferred to an HCF tray filler 106 or into an accu- 
mulator such as a Resy which may be connected to 
packaging equipment. 

[0075] Referring to Figs. 4 A, 4B and 4C, there is 
shown a flow diagram of a preferred method of manu- 
facturing the cigarette embodiment of the present inven- 
tion illustrated in Fig. 3 and 1A. Again the method 
involves separately manufacturing the various cigarette 
components, and combining the individually prepared 
components in a specified sequence. The method illus- 
trated in Figs. 4A, 4B and 4C is a simplified method. 
[0076] The jacketed fuel element 52 is prepared as 
previously described with the method illustrated in Fig. 
2, and cut into 72 mm. or 6-up lengths, and fed into a 
Max 1 tipper unit 200, available from Kflrber. 
[0077] The substrate rod 50 is formed by providing a 
reconstituted tobacco cast sheet materia! as described 
in Example 2 herein. The cut filler material is formed into 
a continuous rod and overwrapped with a wrapper using 
a cigarette making machine 202 such as a Protos, avail- 
able from Korber, and cut into rod lengths of 62 mm. or 
2-up lengths, and transferred to a hopper of the Max 1 
Unit 200. 

[0078] In the tipper unit 200, the 72 mm. jacketed fuel 
rods are cut into lengths of about 12 mm. to form jack- 
eted fuel elements 18. As described previously, the 
jacketed fuel elements 18 are combined with substrate 
50 using an overwrap 32, similarly to the method of Fig. 
2. The overwrap 32 is approximately 74 mm. in length, 
and is applied so that its edges are spaced approxi- 
mately 6 mm. from the free ends of each of the jacketed 
fuel elements 18, to form a 2-up fuel substrate section 
65. 

[0079] Preferably, simultaneously with the manufac- 
ture of the fuel/substrate section 65, tobacco section 34 
(Fig. 3) of the cigarette 5 is being made, as shown in 
Fig. 4B. A continuous tobacco rod is formed on a ciga- 
rette making machine 71 such as a Protos VE/SE avail- 
able from Korber using a cut filler material such as 
tobacco, reconstituted tobacco or the like. The continu- 
ous tobacco rod is cut into lengths of 80 mm (4-up) 
forming tobacco rolls or rods 70. 
[0080] Filter material, such as a low efficiency cellu- 
lose acetate tow, is formed into a continuous rod using 
a KDF filter making machine 300, and cut into 4-up filter 
segments 97, approximately 80 mm. in length. 
[0081] The 4-up tobacco rods 70 and the 4-up filter 
segments 97 are transferred to a combining apparatus 
61, such as a Mulfi, consisting of a GC unit 62 and a 
KDF-2D unit 63 available from Korber. The tobacco rod 
70 and filter segments 97 are cut into 40 mm lengths, 
and are alternately positioned in the GC unit, graded 
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and aligned, and transferred to the KDF-2D unit. There 
they are overwrapped, and cut into 2-up tobacco filter 
sections 206, about 80 mm. in length. The 2-up tobacco 
fitter sections have a 40 mm. center filter segment and 
20 mm. tobacco segments on each end. 
[0082] As shown in Fig. 4C, the 2-up tobacco filter unit 
206 and the 2-up fuel substrate section 65 are trans- 
ferred to a second tipper unit 208 (See Fig. 4C) such as 
a Max 2, available from KOrber. The 2-up fuel substrate 
sections 65 are cut at approximately their midpoints, 
and graded, and aligned with a single fuel substrate 
section, where they are spaced and positioned at oppo- 
site ends of a tobacco fitter section 206, with the sub- 
strate adjacent the tobacco section. The aligned 
components are overwrapped with a tipping material 
49, RJR Type 1000011, to form a 2-up cigarette 202. 
The 2-up cigarette is then cut at approximately the mid- 
point of the filter to form a single cigarette 1 04. Alternate 
cigarettes are rotated 180° so that all of the cigarettes 
have the same orientation. The cigarettes may be trans- 
ferred to a HCF tray filler, or to an accumulator such as 
a Resy, which may be connected to standard cigarette 
packaging equipment. 

[0083] The present invention will be further illustrated 
with reference to the following examples which aid in the 
understanding of the present invention, but which are 
not to be construed as limitations thereof. All percent- 
ages reported herein, unless otherwise specified, are 
percent by weight All temperatures are expressed in 
degrees Celsius. 

EXAMPLE 1 

PREPARATION OF COMPONENTS 
Jacketed Fuel Rod 

[0084] A jacketed fuel rod approximately 7.5 mm in 
diameter, including a carbonaceous fuel rod and an 
insulating material is prepared by directly extruding the 
carbonaceous fuel rod into a multilayer glass 
fiber/tobacco paper ribbon. The jacketed fuel rod is cut 
into lengths of about 72 mm. 

Carbonaceous Fuel Rod 

[0085] The carbonaceous fuel rod having an apparent 
(bulk) density of about 1.02 g/cc is prepared from about 
73.4 parts hardwood pulp carbon having an average 
particle size of 12 micron diameter, 10 parts ammonium 
alginate (Amoloid HV, Kelco Co.), 0.2 parts Na 2 C0 3 , 8.4 
parts graphite about 8 microns in particle size, 3 parts 
Ca2C0 3 powder, and 5 parts, ball -milled American 
blend tobacco. 

[0086] The hardwood pulp carbon is prepared by car- 
bonizing a non-talc containing grade of Grande Prairie 
Canadian kraft hardwood paper under nitrogen blanket, 
increasing the temperature in a step-wise manner suffi- 



cient to minimize oxidation of the paper, to a final car- 
bonizing temperature of at least 750° C. The resulting 
carbon material is cooled under nitrogen to less than 
35°C, and then ground to fine powder having an aver- 

5 age particle size of about 12 microns in diameter. 

[0087] The finely powdered hardwood carbon is dry 
mixed with the ammonium alginate binder, levulinic acid 
and the tobaccos, and then a 3% wt. aqueous solution 
of Na 2 C0 3 is added to provide an extrudable mixture, 

io having a final sodium carbonate level of about 0.9 parts. 
[0088] The carbonaceous fuel rods are extruded using 
a screw extruder from the mixture having a generally 
cylindrical shape about 4.2 mm in diameter, with size (6) 
equally spaced peripheral grooves (about 0.5 mm wide 

is and about 1 mm deep) with rounded bottoms, running 
from end to end. The extruded rods have an initial mois- 
ture level ranging from about 36-38 weight percent. 

Jacket Material 

20 

[0089] The jacket material is composed of 2 layers of 
Owens-Corning C-glass mat, each about 1 mm thick 
prior to being compressed by a jacket forming machine 
(e.g., such as that described in U.S. Patent No. 
25 4,807,809), and after formulation, each being about 0.6 
mm thick. Sandwiched between the two layers of C- 
glass is one or two sheets of reconstituted tobacco 
paper, Kimberly-Clark's P-3510-96-2. A cigarette paper, 
designated P-3 122- 153 from Kimberly-Clark, over- 
30 wraps the outer layer. The reconstituted tobacco paper 
sheet, is a paper-like sheet containing a blended 
tobacco extract. The width of the reconstituted tobacco 
sheets prior to forming is about 1 7 mm, and the width of 
the cigarette paper outer sheet is about 25.5 mm. The 
35 seam adhesive used for the outer wrap can be a cold 
seam adhesive CS 1242, available from RJR Packag- 
ing, R.J. Reynolds, Winston-Salem, N.C. 

Substrate Tube 

40 

[0090] A continuous substrate rod about 7.5 mm in 
diameter is formed from a wide, highly embossed, 36 
gsm, about 7 inch wide web of paper containing 25% 
calcium sulfate available from Kimberly-Clark (K-C) as 
45 P3284-19, e.g., on a modified KDF-2 rod forming appa- 
ratus. The substrate rod is overwrapped with a paper/foil 
laminate having a width of about 24.5 mm, the foil being 
a continuous cast 0.0005 aluminum foil, and the paper 
being a Simpson Paper Co. ("Simpson") RJR 002A 
so paper. The lamination adhesive is a silicate adhesive, 
No. 06-50-05-0051, available from RJR Packaging. A 
Center line adhesive, cold adhesive CS 1242M, availa- 
ble from RJR Packaging, is spray applied to the lami- 
nate, to hold the substrate in place within the wrap. The 
55 seam is sealed with hot melt adhesive 444-227, from 
RJR packaging. 

[0091] The overwrapped rod is cut into 60 mm seg- 
ments. Approximately 900 mg of an aerosol forming 



25 



30 



35 



40 



45 



50 



9 



17 



EP 0 589 298 B1 



18 



material comprising glycerin, propylene glycol, and fla- 
vorants, such as tobacco extract, is applied to the web 
during formation of the continuous substrate rod. The 
substrate segment is cut into substrate plugs about 10 
mm in length and overwrapped with a Simpson RJR 
002A/0005 foil laminate described above, having a 
width of about 25.5 mm. The plugs are placed at alter- 
nate intervals of 10 and 12 mm along the tube. The 
plugs are adhered to the tube by corresponding applica- 
tion of hotmelt adhesive No. 448-37 A, RJR Packaging. 
The seam is sealed with hot melt adhesive 444-227, 
from RJR packaging. 

[0092] The continuous tube is cut into substrate void 
tube sections about 42 mm in length having a center 
void about 1 2 mm, two substrate plugs 1 0 mm wide, and 
void space at each end of about 5 mm in width. 

Tobacco Section 

[0093] A reconstituted tobacco cut filler prepared as 
described in U.S. Patent No. 5,1 59,942 to BrinWey et al., 
is formed into a rod about 7.5 mm in diameter and over- 
wrapped with paper, e.g. KC 646, 25.5 mm in width, 
using a Protos cigarette making machine, using a 
standard tipping adhesive. The overwrapped tobacco 
roll is cut into 120 mm length segments. 
[0094] A tobacco paper rod about 7.5 mm in diameter 
is formed from a medium embossed, 127 mm wide web 
of tobacco paper designated as P-144-GNA-CB availa- 
ble from Kimberly-Clark, e.g., using a rod forming appa- 
ratus such as that disclosed in U.S. Patent No. 
4,807,809. The rod is overwrapped with a KC paper 
P 1487- 184-2, about 25 mm wide, and cut into 80 mm 
length segments. 

[0095] The tobacco roll and tobacco paper segments 
are cut into 40 mm and 20 mm segments respectively 
and are aligned in an alternating arrangement and over- 
wrapped with a wrapper of KC 646 paper, 25.5 mm in 
width, using a center line hot melt adhesive 448-37A, 
RJR Packaging, and a seam adhesive, 448-1 95K hot 
melt, RJR Packaging. The combined tobacco 
roll/tobacco paper assembly is cut into a 2-up tobacco 
section 60 mm in length having a 40 mm tobacco roll 
center segment and 10 mm tobacco paper segment on 
each end of the tobacco roll segment 

Filter 

[0096] A polypropylene filter rod about 7.5 mm in 
diameter is formed from a PP-100 mat, about 260 mm 
wide, available from Kimberly-Clark and overwrapped 
with a 25.5 mm width web of paper P1 487-1 84-2, avail- 
able from Kimberly-Clark, e.g., using the apparatus 
described in U.S. Patent No. 4,807,809, and hot melt 
448-1 95K seam adhesive. The overwrapped rod is cut 
into 80 mm length segments. 



CIGARETTE ASSEMBLY 
Fuel Substrate Section 

5 [0097] A jacketed fuel rod is cut into fuel elements 1 2 
mm in length. Two fuel elements are positioned on 
opposite sides of a substrate void tube section, and 
aligned. These components are overwrapped with a 
wrapper about 26.5 mm in width and about 54 mm in 

10 length, comprising a paper/foil/paper laminate, compris- 
ing Ecusta 15456 paper/continuous cast 0.0005 
foil/Ecusta 29492 paper, which are laminated to the foil 
using Airflex Adhesive 465. The laminate is adhered to 
the jacketed fuel and the substrate void tube assembly, 

is by cold adhesive MT-8014, RJR Packaging, applied to 
the entire inner surface of the laminate. The wrapper 
overwraps the substrate tube and extends to within 
about 6 mm of the free end of each fuel element to form 
a 2-up fuel substrate section. 

20 

Tobacco Fuel Unit 

[0098] A 2-up fuel/substrate section is cut at its mid- 
point and positioned on opposite sides of a 2-up 

25 tobacco section and aligned so that the void end of each 
fuel-substrate section is adjacent and abuts the tobacco 
paper plugs at each end of the 2-up tobacco section. 
The assembled components are overwrapped with 
Ecusta E30336 paper, about 70 mm in length and about 

30 26 mm wide. The wrapper is adhered to the fuel sub- 
strate section and the tobacco section with MT-8009 
adhesive, RJR Packaging, to form a 2-up tobacco-fuel 
unit approximately 126 mm in length. 

35 Cigarette 

[0099] A 2-up tobacco-fuel unit is cut at its midpoint 
and positioned on opposite sides of a 2-up filter unit and 
aligned so that the tobacco roll end of a single tobacco- 

40 fuel unit is adjacent and abuts the 2-up filter. The 
assembled components are overwrapped with a tipping 
. wrapper,. RJR tipping code No. 100001 1 , approximately 
50 mm in length and about 26 mm in width which 
extends approximately 5 mm over each of the junctures 

45 between the 2-up filter and each tobacco-fuel unit The 
wrapper is adhered over its entire area to the assem- 
bled components with an adhesive MT-8009, RJR Pack- 
aging, 100% coverage, to form a 2-up cigarette. The 2- 
up cigarette is cut at approximately its midpoint (i.e., the 

so midpoint of the 2-up filter) to form a single cigarette. 

EXAMPLE 2 

PREPARATION OF COMPONENTS 

55 

Jacketed Fuel Rod 

[0100] A fuel element about 4.2 mm in diameter, and 
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having an apparent (bulk) density of about 1 .02 g/cc is 
prepared from about 72.6 parts hardwood pulp carbon 
having an average particle size of 1 2 fim in diameter, 10 
parts ammonium alginate (Amoloid HV, Kelco Co.), 8.4 
parts graphite powder, 1 part Na 2 C03, 3 parts CaC0 3t 
and 5 parts ball-milled American blend tobacco. 
[01 01 ] The hardwood pulp carbon is prepared by car- 
bonizing a non-talc containing grade of Grande Prairie 
Canadian kraft hardwood paper in an inert atmosphere, 
increasing the temperature in a step-wise manner suffi- 
cient to minimize oxidation of the paper, to a final car- 
bonizing temperature of at least 750°C The resulting 
carbon material is cooled in the inert atmosphere to less 
than 35°C, and then ground to fine power having an 
average particle size (as determined using a Microtrac 
Analyzer, Leeds & Northrup) of about 12 ^m in diame- 
ter. 

[0102] The finely powdered hardwood carbon is dry 
mixed with the graphite, CaC0 3 , ammonium alginate 
binder, levulinic acid and the tobaccos, and then a 3 
weight percent aqueous solution of Na 2 C0 3 is added to 
provide an extrudable mixture, having a final sodium 
carbonate level of about 1 part. 
[0103] A jacketed fuel rod is prepared by directly 
extruding the carbonaceous fuel rod into a multilayer 
glass fiber/tobacco paper ribbon. The jacketed fuel rod 
is cut into lengths of about 72 mm. 

Jacket Material 

[0104] The jacket material is composed of 2 layers of 
Owens-Corning C-glass mat, each about 1 mm thick 
prior to being compressed by a jacket forming machine 
(e.g., such as that described in U.S. Patent No. 
4,893,637), and after formulation, each being about 0.6 
mm thick. Sandwiched between the two layers of C- 
glass is one or two sheets of reconstituted tobacco 
paper, Kimberly-Clark's P-351 0-1 76-60. A cigarette 
paper, designated No. 15456, from Ecusta overwraps 
the outer layer. The reconstituted tobacco paper sheet, 
is a paper-like sheet containing a blended tobacco 
extract The width of the reconstituted tobacco sheets 
prior to forming is about 17 mm, while the width of the 
cigarette paper outer sheet is about 25.5 mm. The seam 
adhesive used for the outer wrap can be a cold seam 
adhesive CS 1242, available from FUR Packaging, R.J. 
Reynolds. Winston-Salem, N.C. 

Substrate Rod 

[01 05] A cast sheet material is provided by casting an 
aqueous slurry of components from a headbox at a 
nominal thickness of about 30 mils onto a heated stain- 
less steel belt. The cast slurry has a solids content of 
about 12 percent. The slurry is provided by dispersing in 
water about 32 parts of tobacco pulp in the form of 
extracted stems and laminae, about 8.75 parts flue- 
cured tobacco laminae, about 8.75410 parts burley 



tobacco laminae, and about 1 4.5 parts extracted burley 
stems. As such, a slurry having about 1 part tobacco 
and about 8 parts water is provided. The resulting slurry 
is refined using a disc refiner, and transferred to a mixer. 

5 To the slurry, which includes about 32 parts tobacco, is 
added about 55 parts glycerin; about 6 parts of the type 
of tobacco extract described in Col. 11, lines 5-37 of 
U.S. Patent No. 5,159,942 to BrinWey et al diluted in 
water in an amount of about 8 parts extract and about 

70 92 parts water; and about 2 parts of a commercial flavo- 
rant, such as Lovage flavorant However the selection 
and relative amounts of those components, such as fla- 
vors and tobacco extracts, can vary as desired to pro- 
vide the desired organoleptic characteristics. 

15 [01 06] The resulting slurry is mixed to yield a consist- 
ent character. Then, about 5 parts ammonium alginate 
available as Amoloid HV from Kelco Division of Merck & 
Co., Inc. is added to the slurry. The resulting slurry is 
thoroughly mixed at ambient conditions using a Breddo 

20 Likwifier high shear propeller mixer. The slurry is cast 
onto a stainless steel belt heated at about 220° F. The 
dried cast slurry is diced and cut into cut filler size of 
about 25 cuts per inch. The cut filler is conditioned to 
yield a substrate having a moisture content of about 15 

25 percent and a thickness of about 6 mils. 

[0107] The cast sheet substrate material is formed 
into rods using a rod forming apparatus such as a Pro- 
tos from KOrber. The substrate rod includes a paper/alu- 
minum foil laminate overwrap having a width of about 

30 25.5 mm, the foil being cast aluminum, 0.0005 inches 
thick, and the paper is available as Ret. 29492 from 
Ecusta The laminate is formed with a silicate adhesive, 
designated as RJR LAM-1-5001, available from RJR 
Packaging. The laminated paper is formed into a tube 

35 (with the foil on the inside) by lap joining using a 
CS1242 adhesive, available from RJR Packaging. The 
overwrapped rod is cut into 62 mm long segments. The 
62 mm rod weighs about 800 mg. 

40 Tobacco Section 

[0108] A reconstituted tobacco cut filler prepared as 
described in U.S. Patent No. 5,1 59,942, is formed into a 
rod about 7.5 mm in diameter and overwrapped with 
45 paper, e.g. Ecusta No. 15456, 25.5 mm in width, using a 
Protos cigarette making machine, using a standard 
seam adhesive. The overwrapped tobacco roll is cut 
into 80 mm length segments. 



so niter 

[0109] A cellulose acetate filter rod about 7.5 mm in 
diameter is formed from a 10/35,000 Denier cellulose 
acetate tow containing 0.6% triacetin, and overwrapped 
55 with a web of 646 plug wrap, about 25.5 mm in width, 
available from Kimberly-Clark or Ecusta on a standard 
filter rodmaker. The overwrapped rod is cut into 80 mm 
length segments. 
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CIGARETTE ASSEMBLY 
Fuel Substrate Section 

[01 10] A jacketed fuel rod is cut into fuel elements 1 2 
mm in length. Two fuel elements are positioned on 
opposite sides of a substrate section and aligned. 
These components are overwrapped with a wrapper 
about 26.5 mm in width and about 74 mm in length, 
comprising a paper/foil/jpaper laminate, comprising 
Ecusta 99952 paper/continuous cast 0.0005 inch thick 
aluminum foil/Ecusta 99951 paper, which are laminated 
to the foil using RJR LAM-5001 (1 .0 lbs/ream) available 
from RJR Packaging. The laminate is adhered to the 
jacketed fuel and the substrate assembly, by cold adhe- 
sive MT-8009B, RJR Packaging, applied to the entire 
inner surface of the laminate. The wrapper overwraps 
the substrate tube and extends to within about 6 mm of 
the free end of each fuel element to form a 2-up fuel 
substrate section. 

TOBACCO/FILTER SECTION 

[0111] An 80 mm. tobacco roll and an 80 mm. filter 
segment are cut into 40 mm. sections, and are alter- 
nately aligned and overwrapped with a wrapper about 
25.5 mm. in width, e.g., Type 646 from Kimberly-Clark, 
using a standard seam adhesive. The resulting rod is 
cut into 80 mm segments having a 40 mm. center filter 
segment, with 20 mm. tobacco rolls on opposite ends to 
form a 2-up tobacco filter section. 

Cigarette 

[0112] A 2-up fuel-substrate section is cut at its mid- 
point and positioned on opposite sides of a 2-up 
tobacco filter section, and aligned so that the substrate 
end of a single fuel -substrate unit is adjacent and abuts 
the tobacco roll of the 2-up tobacco-filter section. The 
assembled components are overwrapped with a tipping 
wrapper, RJR tipping code No. 100001 1, approximately 
90 mm in length and about 26 mm in width which 
extends approximately 5 mm over each of the junctures 
between the 2-up tobacco-filter and each fuel-substrate 
unit. The wrapper is adhered over its entire area to the 
assembled components with an adhesive MT-8009 
(RJR Packaging) 100% coverage, to form a 2-up ciga- 
rette. The 2-up cigarette is cut at approximately its mid- 
point (i.e., the midpoint of the 2-up filter) to form a single 
cigarette. 

Claims 

1. A method of manufacturing filter cigarettes (104) 
having an insulated fuel element (18) providing a 
lighting end of the cigarette, a substrate (20), a 
tobacco section (34) and a filter element (44, 47) 
providing a rear end of the cigarette, wherein at 



least two of said components are combined with an 
overwrap material, said method being character- 
ized by comprising the steps of 

5 (a) continuously providing an insulated fuel ele- 

ment section (18); 

(b) continuously providing a substrate section 
(20); 

10 

(c) continuously combining said insulated fuel 
element section and said substrate section with 
an overwrap material (32) to form a fuel-sub- 
strate section (65); 

75 

(d) continuously providing said tobacco section 
(34); 

(e) continuously aligning the fuel-substrate 
20 section (65) and the tobacco section (34) so 

that the substrate section is aligned and abuts 
the tobacco section, and combining the fuel- 
substrate section and the tobacco section with 
an overwrap material (42) to form a fuel- 
25 tobacco unit (88); 

(f) continuously providing a filter element sec- 
tion (44, 47); and 

so (g) continuously aligning the fuel-tobacco unit 

(88) and the filter element section (44, 47) and 
combining said unit with said section to form a 
filter cigarette (104). 

35 2. The method of claim 1 , wherein said tobacco sec- 
tion (34) is a roll of tobacco cut filler. 

3. The method of claim 1 , wherein said tobacco sec- 
tion (34) is formed by the steps of: 

40 

(a) continuously providing a roll of tobacco cut 
filler (38); 

(b) continuously providing a plug of tobacco 
45 containing paper (36); and 

(c) continuously combining the roll of tobacco 
cut filler (38) and the plug of tobacco containing 
paper (36) with an overwrap (40). 

50 

4. The method of claim 1 , wherein said substrate sec- 
tion (20) is formed by the steps of: 

(a) providing a rod of continuous substrate 
55 material (50); 

(b) cutting the rod of continuous substrate 
material (50) into desired lengths to form sub- 
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strate plugs (22, 24); 

(c) aligning and separating the substrate plug 
(22, 24) at desired intervals; 

(d) forming a continuous tube (26) around the 
aligned and spaced substrate plugs (22, 24); 

(e) cutting the continuous tube (26) at selected 
locations to form a substrate tube assembly 
(64) having at least one substrate plug (22, 24) 
with voids (28, 30) on opposite sides of the 
substrate plug (22, 24). 

5. The method of claim 4, further including the step of 
applying an aerosol forming material to said sub- 
strate material while forming the rod of continuous 
substrate material (50). 

6. The method of claim 4, further including the step of 
applying an aerosol forming material to the sub- 
strate plug (22, 24) within the substrate tube 
assembly (64). 

7. The method of claim 1, wherein said insulated fuel 
element is provided by: 

(a) extruding a continuous carbonaceous rod 

(51 ) of a desired configuration into a wrapper of 
continuous insulating wrapper material (12, 14) 
to obtain a continuous insulated fuel rod (52); 
and 

(b) cutting the continuous insulated fuel rod 

(52) into desired lengths to obtain said insu- 
lated fuel element sections (18). 

8. The method of claim 7, further including the step of 
drying the insulated fuel element sections (18) to a 
desired moisture content. 

9. The method of claim 8; wherein insulated fuel ele- 
ment sections (18) are dried, to a moisture content 
of between 12 % and 14 % by weight. 

10. The method of claim 8, wherein said drying step is 
carried out in two separate stages during the ciga- 
rette manufacturing process. 

11. The method of claim 7, wherein said insulated fuel 
rod (52) is cut into 6-up length sections, and further 
including the steps of: 

(a) cutting the 6-up length sections into insu- 
lated fuel element sections (18); 

(b) separating the insulated fuel element sec- 
tions (18); 



(c) inserting a 2-up substrate section (64) 
between the insulated fuel element sections 
(18); 

5 (d) aligning and abutting the 2-up substrate 

section (64) and the insulated fuel element sec- 
tions (18); and 

(e) overwrapping the 2-up substrate section 
io (64) and the insulated fuel element sections 

(1 8) with an overwrap material (32) to form a 2- 
up fuel-substrate section (65). 

12. The method of claim 3, wherein said roll of tobacco 
is cut filler (38) is provided in a 2-up length and said 

plugs of tobacco containing paper (36) are provided 
in 2-up lengths, and wherein 

(a) said roll of tobacco cut filler (38) and said 
20 plugs of tobacco containing paper (36) are 

aligned in alternate abutting sequence; 

(b) said alternating abutting roll and plug are 
overwrapped with an overwrap material (40) 

25 thereby obtaining overwrapped components 

(81); and 

(c) cutting the overwrapped components (81) 
into twin-tobacco sections (87) having a 2-up 

30 roll of tobacco cut filler (38) in the center with a 

plug of tobacco containing paper (36) on oppo- 
site ends. 

13. The method of claim 1 1 or 12, further including the 
35 steps of: 

(a) dividing the 2-up fuel substrate section (65) 
at its mid-point; 

40 (b) separating the fuel-substrate sections; 

(c) inserting a tobacco section (34; 87) 
between the fuel-substrate sections; 

45 (d) aligning and abutting the end of each fuel- 

substrate section with the 2-up tobacco sec- 
tion; and 

(e) overwrapping the assembled components 
so to form a 2-up fuel-tobacco unit (88). 

14. The method of claim 13, wherein said filter element 
section (44, 47) is provided in a 2-up length, and 
further including the steps of: 

55 

(a) dividing the 2-up fuel-tobacco unit (88) at its 
midpoint; 
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(b) inserting the 2-up filter element section (98) 
between the two fuel-tobacco units; 

(c) overwrapping the assembled components 
with a wrapper to form a 2-up filter cigarette 
(102); and 

(d) cutting the 2-up filter cigarette (102) at the 
midpoint of the 2-up filter element section (98) 
to form a filter cigarette (104). 

15. A method of manufacturing filter cigarettes (104) 
having an insulated fuel element (18) providing a 
lighting end of the cigarette, a substrate (20), a 
tobacco section (34) and a filter element (44, 47) 
providing a rear end of the cigarette, wherein at 
least two of said components are combined with an 
overwrap material, said method being character- 
ized by the steps of 

(a) continuously forming an insulated fuel rod 
(52) and cutting said rod into predetermined 
lengths; 

(b) continuously forming a substrate rod (50) 
comprising a substrate material (22) and cut- 
ting said rod into predetermined lengths; 

(c) continuously combining said insulated fuel 
rods (18) and said substrate rods (50) with an 
overwrap material (32) to form a fuel-substrate 
section (65); 

(d) continuously providing a roll of tobacco cut 
filler (38); 

(e) continuously providing a filter element (44, 
47); 

(f) aligning and combining the filter element 
(44, 47) and the roll of tobacco cut filler (38) to 
form a tobacco-filter section (206); and 

(g) continuously aligning the fuel-substrate 
section (65) and the tobacco-filter section (206) 
so that the substrate rod is aligned with and 
abuts the roll of tobacco cut filler, and combin- 
ing said sections with an overwrap material 
(49) to form a filter cigarette (104). 

16. The method of claim 15, wherein the insulated fuel 
rod (52) is provided by extruding a combustible fuel 
material (51) into an insulating material (12, 14). 

17. The method of claim 15, wherein the insulated fuel 
elements (18) comprise carbonaceous fuel material 
and wherein the insulated fuel elements are dried 
to a desired moisture content. 



18. The method of claim 15, wherein the substrate is 
provided in the form of a substrate section (20) by 
forming a cast sheet of substrate material, and 
forming the cast sheet into the shape of a rod (50). 

5 

19. The method of claim 18, wherein the sheet of sub- 
strate material is cut into cut filler prior to being 
formed into the shape of a rod (50). 

10 20. The method of claim 15, wherein the insulated fuel 
element (18) has an insulator material (12, 14) 
which is formed by sandwiching a layer (14) of fla- 
vorant material between two insulator layers (12). 

15 21. The method of claim 20, wherein the insulator lay- 
ers (12) comprise fiberglass. 

22. The method of claim 15, further including the step 
of applying an aerosol forming material to said sub- 

20 strate material (22) while forming the continuous 
substrate rod (50). 

23. The method of claim 15, wherein the insulated fuel 
rod (52) is cut into 6-up insulated fuel element sec- 

25 tions, and the substrate rod (50) is cut into 2-up 
substrate sections (50), and further comprising the 
steps of: 

(a) cutting the 6-up insulated fuel element sec- 
30 tions into insulated fuel elements (18); 

(b) separating the insulated fuel elements (18); 

(c) inserting a 2-up substrate section (50) 
35 between the insulated fuel elements (18); 

(d) aligning and abutting the 2-up substrate 
section (50) and the insulated fuel elements 
(18); and 

40 

. (e) overwrapping the 2-up substrate section 
(50) and the insulated fuel elements (1 8) with a 
wrapper (32) to form a 2-up fuel-substrate sec- 
tion (65). 

45 

24. The method of claim 23, wherein said roll of 
tobacco cut filler (38) is provided in a 2-up length 
and said filter element (44, 47) is provided in a 2-up 
length, and wherein said roll and said filter element 

so are: 

(a) aligned in alternate abutting sequence; 

(b) overwrapping the alternating abutting roll of 
55 tobacco cut filler and filter element with a wrap- 
per material; and 

(c) cutting the overwrapped components into 2- 
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up mouthend sections (206) having a 2-up filter 
element in the center with a roll of tobacco cut 
filler on opposite ends. 

25. The method of claim 24, further including the steps 
of: 

(a) dividing the 2-up fuel-substrate section (65) 
at its mid-point; 

(b) separating the fuel-substrate sections; 

(c) inserting a mouthend section (206) between 
the fuel-substrate sections; 

(d) aligning and abutting the end of the fuel- 
substrate section with the 2-up mouthend sec- 
tion (206); and 

(e) overwrapping the assembled components 
to form a 2-up filter cigarette (202). 

26. The method of claim 25, further including the step 
of cutting the 2-up filter cigarette (202) at the mid- 
point of the filter element to form filter cigarettes 
(104). 

Patentanspruche 

1 . Verfahren zur Herstellung von Filterzigaretten (1 04) 
mit einem isolierten Brennstoff element (18), das ein 
zum Anzunden vorgesehenes Ende der Zigarette 
bereitstellt, einem Substrat (20), einem Tabakab- 
schnitt (34) und einem Firterelement (44, 47), wel- 
ches ein hinteres Ende der Zigarette darstelit, 
wbbei mindestens zwei der genannten Komponen- 
ten mit einem UmhOllungsmaterial kombiniert sind, 
welches Verfahren dadurch gekennzeichnet ist, 
daB es die Schritte umfaBt: 

(a) kontinuierliches Bereitstellen eines isolier- 
ten Brennstoffelementabschnitts (18); 

(b) kontinuierliches Bereitstellen eines Sub- 
stratabschnitts (20); 

(c) kontinuierliches Kombinieren des isolierten 
Brennstoffelementabschnitts und des Substrat- 
abschnitts mit einem UmhOllungsmaterial (32) 
zur Bildung eines Brennstoff- Substrat- 
Abschnitts (65); 

(d) kontinuierliches Bereitstellen eines Tabak- 
abschnitts (34); 

(e) kontinuierliches Ausrichten des Brennstoff- 
Substrat-Abschnitts (65) und des Tabakab- 
schnitts (34), soda 6 der Substratabschnitt aus- 
gerichtet ist und an den Tabakabschnitt 
anstOBt, und Kombinieren des Brennstoff-Sub- 
strat-Abschnitts und des Tabakabschnitts mit 
einem UmhOllungsmaterial (42), urn eine 



Brennstoff -Tabak-Einheit (88) zu bilden; 
- (f) kontinuierliches Bereitstellen eines Filterele- 
mentabschnitts (44, 47); und 
(g) kontinuierliches Ausrichten der Brennstoff - 
5 Tabak-Einheit (88) und des Filterelementab- 

schnitts (44, 47) und Kombinieren der Einheit 
mit dem Abschnitt zur Bildung einer Filterziga- 
rette(104). 

10 2. Verfahren nach Anspruch 1, worin der Tabakab- 
schnitt (34) eine Rolle Tabakschnittf Oiler ist. 

3. Verfahren nach Anspruch 1, worin der Tabakab- 
schnitt (34) gebildet wird durch die Schritte: 

15 

(a) kontinuierliches Bereitstellen aner Rolle 
Tabakschnittfuller (38); 

(b) kontinuierliches Bereitstellen eines Stop- 
fens Tabak enthaftenden Papiers (36); und 

20 (c) kontinuierliches Kombinieren der Rolle 

Tabakschnittfuller (38) und des Stopfens Tabak 
enthaltenden Papiers (36) mit einer UmhOllung 
(40). 

25 4. Verfahren nach Anspruch 1, worin der Substratab- 
schnitt (20) durch foigende Schritte gebildet wird: 

(a) Bereitstellen eines Stabes von kontinuierli- 
chem SubstratmateriaJ (50); 
30 (b) Schneiden des Stabes von kontinuierlichem 

Substratmaterial (50) in gewunschte Langen, 
urn Substratstopfen (22, 24) zu bilden; 

(c) Ausrichten und Trennen des Substratstop- 
fens (22, 24) in gewunschten Intervallen; 

35 (d) Bilden eines kontinuierlichen Rohres (26) 

urn die ausgerichteten und beabstandeten 
Substratstopfen (22, 24); 
(e) Schneiden des kontinuierlichen Rohres (26) 
an ausgewahrten Stellen, urn eine Substrat- 

40 rohranordnung (64) zu bilden, die mindestens 

einen Substratstopfen (22, 24) mit Hohlraumen 
(28, 30) an entgegengesetzten Sehen des 
Substratstopfens (22, 24) aufweist. 

45 5. Verfahren nach Anspruch 4, das weiter den Schritt 
des Zuf uhrens eines aerosolbildenden Materials zu 
dem Substratmaterial umfaBt, wahrend der Stab 
aus kontinuierlichem Substratmaterial (50) gebildet 
wird. 

50 

6. Verfahren nach Anspruch 4, das weiter den Schritt 
des Zuf uhrens eines aerosolbildenden Materials zu 
dem Substratstopfen (22, 24) innerhalb der Sub- 
stratrohranordnung (64) umfaBt. 

55 

7. Verfahren nach Anspruch 1, worin das isolierte 
Brennstoffelement bereitgestelH wird durch: (a) 
Extrudieren eines kontinuierlichen kohlenstoffhalti- 
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gen Stabes (51) mit gewunschter Konfiguration in 
eine HQIIe aus kontinuierlichem isolierendem HQII- 
materia! (12, 14), um einen kontinuierlichen isolier- 
ten Brennstoffstab (52) zu erhalten; und (b) 
Schneiden des kontinuierlichen isolierten Brenn- 5 
stoffstabes (52) in gewunschte Langen, um die iso- 
lierten Brennstoffelementabschnitte (18) zu 
erhalten. 

8. Verfahren nach Anspruch 7, das weiter den Schritt 10 
des Trocknens der isoiierten Brennstoffelementab- 
schnitte (18) auf einen gewQnschten Feuchtigkeits- 
gehalt einschlielBt. 

9. Verfahren nach Anspruch 8, worin die isolierten is 
Brennstoffelementabschnitte (18) auf einen Feuch- 
tigkeitsgehalt zwischen 12 und 14 Gew.-% getrock- 
net werden. 

1 0. Verfahren nach Anspruch 8, worin der Trocknungs- 20 
schritt in zwei getrennten Stufen wahrend des Ziga- 
rettenherstellungsverfahrens durchgefuhrt wird. 

11. Verfahren nach Anspruch 7, worin der isolierte 
Brennstoffstab (52) in Abschnitte der 6-fachen 25 
Lange geschnitten wird und das weiter folgende 
Schritte enthalt: 

(a) Schneiden der Abschnitte mit der 6-fachen 
Lange in isolierte Brennstoffelementabschnitte 30 
(18); 

(b) Trennen der isolierten Brennstoffelement- 
abschnitte (18); 

(c) Einsetzen eines zweifachen Substratab- 
schnitts (64) zwischen die isolierten Brenn- 35 
stoffelementabschnitte (18); 

(d) Ausrichten und AneinanderstoBenlassen 
des zweifachen Substratabschnitts (64) und 
der isolierten Brennstoffelementabschnitte 
(18); und 40 

(e) Umhullen des zweifachen Substratab- 
schnitts (64) und der isoiierten Brennstoffele- 
mentabschnitte (18) mit einem 
Umhullungsmaterial (32), um einen zweifachen 
Brennstoff-Substrat-Abschnitt (65) zu bilden. 45 

12. Verfahren nach Anspruch 3, worin die Rolle Tabak- 
schnittfuller (38) in zweifacher Lange und die Stop- 
fen aus Tabak enthaltendem Papier (36) in 
zweifacher Lange bereitgestelrt werden und worin so 

(a) die Rolle aus Tabakschnittfuller (38) und die 
Stopfen aus Tabak enthaltendem Papier (36) 
abwechseind aneinanderstoBend ausgerichtet 
werden; 55 

(b) diese abwechseind aneinanderstoBend 
angeordnete Rolle und Stopfen mit einem 
Umhullungsmaterial (40) umhOllt werden. 



wobei umhullte Komponenten (81) erhalten 
werden; und 

(c) Schneiden der umhulften Komponenten 
(81) in Doppettabakabschnrtte (87). die eine 
zweifache Rolle Tabakschnittfuller (38) in der 
Mitte und einen Stopfen Tabak enthaltendes 
Papier (36) an entgegengesetzten Enden auf- 
weisen. 

13. Verfahren nach Anspruch 11 Oder 12, das weiter 
die Schritte umfaBt: 

(a) Teilen des zweifachen Brennstoff-Substrat- 
Abschnitts (65) in der Mitte; 

(b) Trennen der Brennstoff-Substrat- 
Abschnitte; 

(c) Einsetzen eines Tabakabschnitts (34; 87) 
zwischen die Brennstoff-Substrat-Abschnitte; 

(d) Ausrichten und AneinanderstoBenlassen 
des Endes jedes Brennstoff-Substrat- 
Abschnitts an den zweifachen Tabakabschhitt; 
und 

(e) Umhullen der zusammengesetzten Kompo- 
nenten, um eine zweifache Brennstoff-Tabak- 
Einheit (88) zu bilden. 

14. Verfahren nach Anspruch 13. worin der Filterele- 
mentabschnitt (44. 47) in zweifacher Lange bereit- 
gestellt wird und das weiter die Schritte enthalt: 

(a) Teilen der zweifachen Brennstoff-Tabak- 
Einheit (88) in der Mitte; 

(b) Einsetzen des zweifachen Filterelementab- 
schnitts (98) zwischen die beiden Brennstoff- 
Tabak-Einheiten; 

(c) Umhullen der zusammengesetzten Kompo- 
nenten mit einer Umhullung. um eine zweifa- 
che Fitterzigarette (102) zu bilden; und 

(d) Schneiden der zweifachen Fitterzigarette 
(102) in der Mitte des zweifachen Filterele- 
mentabschnitts (98), um eine Fitterzigarette 
(104) zu erhalten. 

15. Verfahren zur Herstellung von Filterzigaretten (104) 
mit einem isolierten Brennstoffelement (18), das ein 
zum AnzDnden vorgesehenes Ende der Zigarette 
bereitstellt, einem Substrat (20). einem Tabakab- 
schnitt (34) und einem Filterelement (44, 47), wel- 
ches ein hinteres Ende der Zigarette darstellt, 
wobei mindestens zwei der genannten Komponen- 
ten mit einem Umhullungsmaterial kombiniert sind, 
welches Verfahren durch die Schritte gekenn- 
zeichnet ist: 

(a) kontinuieriiche Bildung eines isolierten 
Brennstoffstabes (52) und Schneiden des Sta- 
bes in vorbestimmte Langen; 

(b) kontinuieriiche Bildung eines Substratsta- 
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bes (50), der ein Substratmaterial (22) enthait, 
und Schneiden des Stabes in vorbestimmte 
Langen; 

(c) kontinuieriiches Kombinieren der isoiierten 
Brennstoffstabe (18) und der Substratstabe s 
(50) mit einem Umhullungsmaterial (32), urn 
einen Brennstoff-Substrat-Abschnitt (65) zu bil- 
den; 

(d) kontinuieriiches Bereitstellen einer RoNe 
TabakschnittfQIIer (38); w 

(e) kontinuieriiches Bereitstellen eines Filter- 
elements (44, 47); 

(f) Ausrichten und Kombinieren des RKerele- 
ments (44, 47) und der Rolle Tabakschnittfuller 
(38) zur Bildung eines Tabak-Filter-Abschnitts 15 
(206); und 

(g) kontinuieriiches Ausrichten des Brennstoff- 
Substrat-Abschnitts (65) und des Tabak-Filter- 
Abschnitts (206), sodaB der Substratstab mit 
der Rolle Tabakschnittfuller ausgerichtet ist 20 
und an sie anstSBt, und Kombinieren dieser 
Abschnitte mit einem Umhullungsmaterial (49), 

urn eine Filterzigarette (104) zu bilden. 

16. Verfahren nach Anspruch 15, worin der isolierte 25 
Brennstoffstab (52) durch Extrudieren eines brenn- 
baren Brennstoffmaterials (51) in ein Isoliermaterial 
(12, 14) bereitgestellt wird. 

17. Verfahren nach Anspruch 15, worin die isoiierten 30 
Brennstoffelemente (18) ein kohlenstoffhaltiges 
Brennstoffmateria! enthalten und die isoiierten 
Brennstoffelemente auf einen gewunschten Feuch- 
tigkeitsgehait getrocknet werden. 

35 

18. Verfahren nach Anspruch 15, worin das Substrat in 
Form eines Substratabschnitts (20) bereitgestellt 
wird. indem eine gegossene Folie aus Substratma- 
terial gebildet wird und die gegossene Folie in 
Gestaft eines Stabes (50) geformt wird. <o 

19. Verfahren nach Anspruch 18, worin die Substrat- 
materiaHolie vor dem Formen jn Gestalt eines Sta- 
bes (50) in SchnittfQIIer geschnitten wird. 

45 

20. Verfahren nach Anspruch 15, worin das isolierte 
Brennstoffelement (18) ein Isoliermaterial (12, 14) 
aufweist das durch eine sandwichartige Anord- 
nung einer Schicht (14) Aromamaterial zwischen 
zwei Isolierschichten (12) gebildet wird. so 

21. Verfahren nach Anspruch 20, worin die Isolier- 
schichten (12) Glasfaser enthalten. 

22. Verfahren nach Anspruch 15, das weiter den Schritt ss 
des Zufuhrens eines aerosolbildenden Materials zu 
dem Substratmaterial (22) wahrend der Bildung 
des kontinuierlichen Substratstabes (50) enthait. 



23. Verfahren nach Anspruch 15. worin der isolierte 
Brennstoffstab (52) in 6-fache isolierte Brennstoff- 
elementabschnitte geschnitten wird und der Sub- 
stratstab (50) in 2-fache Substratabschnitte (50) 
geschnitten wird und das weiter die Schritte 
umfaBt: 

(a) Schneiden der 6-fachen isoiierten Brenn- 
stoffelementabschnitte in isolierte Brennstoff- 
elemente (18); 

(b) Trennen der isoiierten Brennstoffelemente 
(18); 

(c) Einsetzen eines 2-fachen Substratab- 
schnitts (50) zwischen die isoiierten Brenn- 
stoffelemente (18); 

(d) Ausrichten und AneinanderstoBenlassen 
des zweifachen Substratabschnitts (50) und 
der isoiierten Brennstoffelemente (18); und 

(e) Umhullen des zweifachen Substratab- 
schnitts (50) und der isoiierten Brennstoffele- 
mente (18) mit einer Hulle (32), urn einen 
zweifachen Brennstoff-Substrat-Abschnitt (65) 
zu bilden. 

24. Verfahren nach Anspruch 23, worin die Rolle 
Tabakschnittfuller (38) in zweifacher LSnge bereit- 
gestellt wird und das Filterelemerrt (44, 47) in zwei- 
facher Lange bereitgestellt wird und worin die Rolle 
und das Filterelement 

(a) abwechselnd aneinanderstoBend ausge- 
richtet werden; 

(b) die abwechselnd aneinanderstoBend ange- 
ordnete Rolle Tabakschnittfuller und Filterele- 
ment mit einem Umhullungsmaterial umhullt 
werden; und 

(c) die umhullten Komponenten in zweifache 
Mundende-Abschnitte (206) mit einem zweifa- 
chen Filterelement in der Mrtte und einer Rolle 
Tabakschnittfuller an entgegengesetzten 
Enden geschnitten werden. 

25. Verfahren nach Anspruch 24, das weiter die 
Schritte enthait: 

(a) Teilen des zweifachen Brennstoff-Substrat- 
Abschnitts (65) in der Mitte; 

(b) Trennen der Brennstoff-Substrat- 
Abschnitte; 

(c) Einsetzen eines Mundende-Abschnitts 
(206) zwischen die Brennstoff-Substrat- 
Abschnitte; 

(d) Ausrichten und AneinanderstoBenlassen 
des Endes des Brennstoff-Substrat-Abschnitts 
mit dem zweifachen Mundende-Abschnitt 
(206); und 

(e) UmhOllen der zusammengesetzten Kompo- 
nenten, urn eine zweifache Filterzigarette (202) 
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zu biiden. 

26. Verfahren nach Anspruch 25, das weiter den Schritl 
des Schneidens der zweifachen Filterzigarette 
(202) in der Mitte des Filterelemerits zur Bildung s 
von Rlterzigaretten (104) enthalt. 

Revendications 

1. Procede de fabrication de cigarettes a bout filtre to 
(104) comportant un element combustible iso!6 (18) 
fournissant une extremity d'allumage de la ciga- 
rette, un substrat (20), une section de tabac (34) et 

un element filtrant (44, 47) fournissant une extre- 
mity arriere de la cigarette, dans lequel au moins ts 
deux desdits composants sont combines avec une 
matiere d'enveloppe, ledit procede etant caracte- 
rise en ce qu*il comprend les etapes suivantes : 

(a) procurer en continu une section d'element 20 
combustible isole (18); 

(b) procurer en continu une section de substrat 
(20); 

(c) combiner en continu ladite section d'ele- 
ment combustible isole et ladite section de 25 
substrat avec une matiere d'enveloppe (32) 
pour former une section de combustible/subs- 
trat (65); 

(d) procurer en continu ladite section de tabac 
(34); 30 

(e) aligner en continu la section de combusti- 
ble/substrat (65) et la section de tabac (34), de 
telle sorte que ia section de substrat sort ali- 
gnee sur la section de tabac et lui soit atte- 
nante, et combiner la section de 35 
combustible/substrat et la section de tabac - 
avec une matiere d'enveloppe (42) pour former 
une un'rte de combustible-tabac (88); 

(f) procurer en continu une section d'element 
filtrant (44, 47), et 40 

(g) aligner en continu I'unhe de combustibleta- 
bac (88) et la section d'element filtrant (44, 47) 
et combiner ladite unite avec ladite section 
pour former une cigarette a bout filtre (104). 

45 

2. Procede suivant ia revendication 1, dans lequel 
ladite section de tabac (34) est un rouleau de tripe 
de tabac. 

3. Procede suivant la revendication 1, dans lequel so 
ladite section de tabac (34) est formee par les eta- 
pes suivantes : 

(a) procurer en continu un rouleau de tripe de 
tabac hache (38); 55 

(b) procurer en continu un tampon de papier 
contenant du tabac (36), et 

(c) combiner en continu le rouleau de tripe de 



tabac hache (38) et le tampon de papier conte- 
nant du tabac (36) avec une enveloppe (40). 

4. Procede suivant la revendication 1, dans lequel 
ladite section de substrat (20) est formee par les 
etapes suivantes : 

(a) procurer un boudin de matiere de substrat 
continu (50); 

(b) couper le boudin de matiere de substrat 
continu (50) en troncons souhaites pour former 
des tampons de substrat (22, 24); 

(c) aligner et separer le tampon de substrat 
(22, 24) a intervalles souhaites; 

(d) former un tube continu (26) autour des tam- 
pons de substrat (22, 24) alignes et espaces; 

(e) couper le tube continu (26) en des endroits 
selectionnes pour former un ensemble de tube 
de substrat (64) comprenant au moins un tam- 
pon de substrat (22, 24) avec des vkJes (28, 
30) aux cotes opposes du tampon de substrat 
(22, 24). 

5. Procede suivant ta revendication 4, comprenant en 
outre I'etape consistant a appliquer une matiere for- 
mant aerosol sur ladite matiere de substrat pendant 
la formation du boudin de matiere de substrat con- 
tinu (50). 

6. Procede suivant la revendication 4, comprenant en 
outre I'etape consistant a appliquer une matiere for- 
mant aerosol sur le tampon de substrat (22, 24) a 
I'interieur de I'ensemble de tube de substrat (64). 

7. Procede suivant la revendication 1, dans lequel 
ledit element combustible isole est obtenu en 

(a) extrudant un boudin carbone continu (51) 
d'une configuration souhaitee dans une enve- 
loppe de matiere d'enveloppe isolante continue 
(12, 14) afin d'obtenir un boudin de combusti- 
ble isol6 continu (52), et 

(b) coupant le boudin de combustible isole con- 
tinu (52) en troncons souhaites afin d'obtenir 
lesdites sections d'element combustible iso!6 
(18). 

8. Procede suivant la revendication 7, incluant en 
outre I'etape consistant a secher les sections d'ele- 
ment combustible isole (18) jusqu'a une teneur en 
humidite souhaitee. 

9. Proc6d£ suivant la revendication 8, dans leque! les 
sections d'element combustible isole (18) sont 
sechees jusqu'a une teneur en humidite situee 
entre 12% et 14% en poids. 

10. Procede suivant la revendication 8, dans lequel 
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ladite etape de sechage est realisee en deux eta- 
pes separees durant le processus de fabrication de 
la cigarette. 

11. Proced6 suivant la revendication 7, dans lequel s 
Iedit boudin de combustible isole (52) est coupe en 
sections de longueur sextuple et comprenant en 
outre les etapes suivantes : 

(a) couper les sections de longueur sextuple en io 
sections d'element combustible isole (18); 

(b) separer les sections d'element combustible 
isole (18); 

(c) inserer une section double de substrat (64) 
entre les sections d'element combustible isole 15 
(18); 

(d) aligner et abouter la section double de 
substrat (64) et les sections d'element combus- 
tible isole (18), et : 

(e) envelopper la section double de substrat 20 
(64) et les sections d'element combustible isole 
(18) avec une matiere d'enveloppe (32) pour 
former une section double de combusti- 
ble/substrat (65). 

25 

12. Procede suivant la revendication 3, dans lequel 
iedit rouleau de tripe de tabac hache (38) est fourni 
en une longueur double et lesdits tampons de 
papier contenant du tabac (36) sont fournis en lon- 
gueurs doubles, et dans lequel 30 

(a) Iedit rouleau de tripe de tabac hache (38) et 
lesdits tampons de papier contenant du tabac 
(36) sont alignes en sequence alternee 
d'aboutement; 35 

(b) ladite arternance de rouleau et tampon est 
enveloppee avec une matiere d'enveloppe 
(40), obtenant ainsi des composants envelop- 
pes(81), et 

(c) les composants enveloppes (81) sont cou- 40 
pes en sections doubles de tabac (87) compre- 
nant un rouleau double de tripe de tabac hache 
(38) au centre avec un tampon de papier con- 
tenant du tabac (36) aux extremites opposees. 

45 

13. Precede suivant la revendication 1 1 ou 12, compre- 
nant en outre les etapes suivantes : 

(a) diviser la section double de combusti- 
ble/substrat (65) en son milieu; so 

(b) separer les sections de combustible/subs- 
trat; 

(c) inserer une section de tabac (34; 87) entre 
les sections de combustible/substrat; 

(d) aligner et abouter I'extremite de chaque 55 
section de combustible/substrat avec la section 
double de tabac, et. 

(e) envelopper les composants assembles 
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pour former une unite double de combusti- 
ble/tabac (88). 

14. Procede suivant la revendication 13, dans lequel 
ladite section d' element filtrant (44, 47) est fournie 
en longueur double, et comprenant en outre les 
etapes suivantes : 

(a) drviser I'unite double de combustible/tabac 
(88) en son milieu; 

(b) inserer la section double d'element filtrant 
(98) entre les deux unites de combusti- 
ble/tabac; 

(c) envelopper les composants assembles 
avec une enveloppe pour former une cigarette 
a bout filtre double (102),et 

(d) couper la cigarette a bout filtre double (102) 
au milieu de la section double d'element filtrant 
(98) pour former une cigarette a bout filtre 
(104). 

1 5. Procede de fabrication de cigarettes a bout filtre 
(104) comprenant un element combustible isole 
(18) fournissarrt une extremite d'allumage de la 
cigarette, un substrat (20), une section de tabac 
(34) et un element filtrant (44, 47) fournissant une 
extremite arriere de la cigarette, dans lequel au 
moins deux desdits composants sont combines 
avec une matiere d'enveloppe, Iedit procede etant 
caracteris6 en ce qu'il comprend les etapes suivan- 
tes : 

(a) former en continu un boudin de combustible 
isole (52) et couper Iedit boudin en troncons 
predetermines; 

(b) former en continu un boudin de substrat 
(50) comprenant une matiere de substrat (22) 
et couper Iedit boudin en troncons predetermi- 
nes; 

(c) combiner en continu lesdits boudins de 
combustible isole (18) et lesdits boudins de 
substrat (50) avec une matiere d'enveloppe 
(32) pour former une section de combusti- 
ble/substrat (65); 

(d) procurer en continu un rouleau de tripe de 
tabac hache (38); 

(e) procurer en continu un element filtrant (44, 
47); 

(f) aligner et combiner Telement filtrant (44, 47) 
et le rouleau de tripe de tabac hache (38) pour 
former une section de tabac/filtre (206), et 

(g) aligner en continu la section de combusti- 
ble/substrat (65) et la section de tabac/filtre 
(206), de telle sorte que le boudin de substrat 
soit aligne sur le rouleau de tripe de tabac 
hache et lui sort attenant, et combiner lesdites 
sections avec une matiere d'enveloppe (49) 
pour former une cigarette a bout filtre (104). 
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16. Procede suivant la revendication 15, dans iequel le 
boudin de combustible isole (52) est procure par 
extrusion d'une matiere combustible (51) dans une 
matiere isolarrte (12, 14). 

17. Procede suivarrt la revendication 15, dans Iequel 
ies elements de combustible isole (18) compren- 
nent une matiere combustible carbonee et dans 
Iequel Ies elements de combustible isole sont 
seches jusqu'a une teneur en humidite souhaitee. 

18. Procede suivant la revendication 15, dans Iequel le 
substrat est procure sous la forme d'une section de 
substrat (20) en formant une feuille coulee de 
matiere de substrat et donnant a la feuille coulee la 
forme d'un boudin (50). 



24. Procede suivant la revendication 23, dans Iequel 
ledit rouleau de tripe de tabac hache (38) est fourni 
en longueur double et ledit element f iltrarrt (44, 47) 
est fourni en longueur double, et dans Iequel ledit 
rouleau et ledit element filtrant sont 

(a) alignes, en sequence alternee 
d'aboutement; 

(b) le rouleau de tripe de tabac hache alternant 
avec I'element filtrant est enveloppe avec une 
matiere d'enveJoppe, et 

(c) Ies composants enveloppes sont coupes en 
sections doubles de c6te bouche (206) com- 
prenant un element filtrant double au milieu 
avec un rouleau de tripe de tabac hache aux 
extremrtes opposees. 
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19. Procede suivant la revendication 18, dans Iequel !a 
feuille de matiere de substrat est coupee en tripe 
hachee avant d'etre mise a la forme d'un boudin 
(50). 

20. Proced6 suivant la revendication 15. dans Iequel 
I'element de combustible isole (18) comporte une 
matiere d 'isolation qui est formee par placement 
d'une couche (14) de matiere aromatisante en 
sandwich entre deux couches d'isolant (12). 

21. Procede suivant la revendication 20, dans Iequel 
Ies couches, d'isolant (12) comprennent des fibres 
de verre. 

22. Procede suivant la revendication 15, comprenant 
en outre Petape consistant a appliquer une matiere 
formant aerosol sur ladite matiere de substrat (22) 
tout en formant le boudin continu de substrat (50). 

23. Procede suivant la revendication 15, dans Iequel le 
boudin de combustible isole (52) est coupe en sec- 
tions d'element combustible de sextuple longueur 
et ie boudin de substrat (50) est coupe en sections 
doubles de substrat (50), et comprenant en outre 
Ies etapes suivantes : 



25. Procede suivant la revendication 24, comprenant 
en outre Ies etapes suivantes : 

20 

(a) diviser la section double de combusti- 
ble/substrat (65) en son milieu; 

(b) separer Ies sections de combustible/subs- 
trat; 

25 (c) inserer une section c6te bouche (206) entre 

ies sections de combustible/substrat; 
(d) aligner et abouter rextremit6 de la section 
de combustible/substrat avec la section double 
cote bouche (206), et 

30 (e) envelopper Ies composants assembles 

pour former une cigarette a bout filtre double 
(202). 

26. Procede suivarrt la revendication 25, comprenant 
35 en outre Petape consistant a couper la cigarette a 

bout filtre double (202) au milieu de I'element filtrant 
pour former des cigarettes a bout filtre (104). 
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(a) couper Ies sections d'element combustible 45 
de sextuple longueur en elements combusti- 
bles isoles (18); 

(b) separer les elements combustibles isoles 
(18); 

(c) inserer une section double de substrat (50) so 
entre les elements combustibles isoles (18); 

(d) aligner et abouter la section double de 
substrat (50) et les elements combustibles iso- 
les (18), et 

(e) envelopper la section double de substrat ss 
(50) et les elements combustibles isoles (18) 
avec une enveloppe (32) pour former une sec- 
tion double de combustible/substrat (65). 
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